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ABSTRACT

M . Etna, Sicily is the nost active vol cano in Europe,
erupting alnost constantly. Historical records of eruptions
for the last 350 years are accurate; prior to about 1650,
the record is increasingly inaccurate and inconplete. Ages
for pre-1650 lava flows, reported on recent geologic naps,
are in conflict. with ages determ ned from paleomagnetic
neasurements . Here we report on a different approach used to
determne relative ages of Etnean flows. Multispectral | nmage
data were acquired from aircraft overflights of Etna in
1991. ‘1’he Thematic Mapper Sinulator instrument. used obtains
12 channels of data in the visible through thermal infrared
wavel ength regions. Supervised classification of these data
allowed us to group Etnean flows into age groups based on
their spectral properties. About 90% of the classification
agrees wth the mapped flow ages. Our results also generally
support the pal eomagnetic age determinati onsfor flow ages
that disagree wth the mapped ages. In addition, several

areas were renmapped, correcting errors on the published map.




1. INTRODUCTION

Mount Etna is a conposite vol cano, about 40 km in basal
di aneter, that lies in the eastern part of Sicily, close to
the probable position of the junction between the African
and Eurasian plates (Figure 1) . Rising to an elevation of
over 3300 m, and domi nating the |andscape of the
Medi terranean region, the volcano is al nost continuously
active, and historical accounts of eruptions go back nore
than 2500 years (Chester, et al., 1985). Etnean lavas from
maj or eruptions during the past 350 years are well known and
docunented. Contrary to popul ar ideas, however, eruptions
from before about 1650 are poorly described, and the
descriptions and attributed ages are¢ often inaccurate. For
exanple, for the period between 1300-1600, only three
eruptions can be identified with a reasonable |evel of
confidence (Tanguy et al ., 1985), although many eruptions
are assigned to this period, and are so shown on the |atest
geol ogic maps of Etna (Romano, et aj., 19/9; Romano, 1990) .

An accurate know edge of the true dates of Etnean lavas
has inplications for the succession of eruptions, effusion
rates, magmatic evolution, and eruptive models in general
(Casetti, et al., 1981, for exanple) . The direct nethod to
obtain this know edge is through C-14 dating of charcoal

sanpl es reliably associated with each flow Unfortunately,



finding this material has proved logistically difficult,
requiring a field search of over 1700 km”. Intensi ve
research into existing historical records has al so proved
less than satisfactory (Tanguy, 1981), due to both the
inaccuracy and inconpl eteness of written accounts.

One solution in the past 20 years has been to try to
date Etnean flows through paleomagnetic anal yses. This is
done by determining the natural remnant magnetization of the
flows, constructing curves which show the |ocal secul ar
variation of the field in both direction and nmagnitude, then
finding the values of the flows on these curves. The first
person to do this for Etnean lavas was Tanguy (1970) and
Tanguy et al., (1.985); a simlar analysis was done later by
Rolph, et al. (1987) . Tanguy examined about 30 flows, and
found that nost. of the flows reported to have been erupted
between AD 1284 and 1651 were actually older than this
period, sonetines by nore than 500 years. Rolph and his
col | eagues looked at about 40 flows, many of them being the
same as those exam ned by Tanguy. Their results generally
confirmed Tanguy' s conclusions for the 1284-1651 period
flows; paleomagnetic ages for 8 flows were many hundreds of
years ol der than their mapped ages.

In this paper, we present the results of a clifferent

approach to determine relative ages of lava flows| throug:




the use of renmpbte sensing data. Multispectral image data in
the visible, near infrared (NIR), short wavelength infrared
(SWIR), and thermal infrared (TIR) wavel ength regions can
obtain reflectance and emittance information for all areas
in the imge data set, wth spatial. resolutions dependent on
the instrunent, and the platform altitude. Previous studies
(Kahle, et al., 1988, Abranms, et al., 1991) have
denonstrated the use of optical and thermal aircraft data
for relative age dating of lava flows in Hawaii . These data
are sensitive to variations in vegetation type and percent
cover; iron oxidation state of the surface; devel opnent of
secondary coatings; and physical state of the surface. A

of these factors vary as a function of age; in addition
climatic environnent and human activities play a role in
nodi fying the lava surface characteristics.

W report here on a study to map the relative ages of
Etnean lava flows using aircraft remnote sensing data. One of
our principal objectives was to evaluate and, if confirned,
extend the results fromthe paleomagnetism studies,

including flows older than those studied by Tanguy and Rolph

et al.

2. ERUPTIVE HISTORY




The eruptive history of Etna from about 150,000 BP to
the present has been characterized by products of mildly
alkalic affinity, the Alkalic Series, and the main
construct of the volcano is composed of basic lavas
(hawaiites, mugearites, benmoreites) and rare trachytes. The
lavas are typically porphyritic with phenocrysts of
plagioclase, calcic augite and olivine, but sone of the nore
evol ved products are aphanitic. The nore evolved products
are all prehistoric in age, while over the last 100, 000
years, only rather uniform hawaiitic conposition lavas have
been erupted (Chester et al., 1985) .

*  Also, during historical time nost of the eruptions have
been effusive with explosive stronbolian activity building
ci nder—cones over the vents in some cases. The summit
region is characterized by alnbst continuous activity
including lava effusions, strombolian explosions and pit
col l apses. This activity on Etna is referred to as
“persistent” and is taken to indicate that the central
conduit has been “open” for nuch of historical. tine (Romano,
1982b) . Flank eruptions occur on average about every siXx
years as a result of dikes fromthe central conduit
intersecting the surface. Preferred locations for such
eruptions are the north-east and southernrifts, small- |oci

of activity on the west flank, low on the southern flank



and on the northern margin of the Vane del Bove (CQuest,
1982) . Most of the lavas are aa but sone pahoehoe flow
fields have been produced in historical times.

Over nmuch of the area of the volcano, slopes are
shallow with a concave profile, but above about 1800 m t hey
steepen to 20 degrees or nore (CGuest , 198 2) . The break in
the slope represents the contact between the Piano Caldera
and the Summt Cone. Much of the surface of the volcano is
covered with lavas erupted during the last 5,000 years, but
dating of historic material starts from 693 BC. Except for
areas traversed by recent flows, the volcano's flanks are
vegetated up to about 2,000 ma.s.1l. Above this elevation
there are only sparse vegetation, lavas erupted during the
| ast few hundred years, and scoria and ash deposits produced
by summt strombolian activity. The degree of vegetation
cover on historical lavas depends not only on their age but
also on altitude and sector of the volcano on which they
lie.

The geology of Muwunt Etna is illustrated by a 1:50,000
scal e geol ogical map which includes historical lavas up to
1974 (Romano et al., 1979), and by the recent 1:60,000 scale
naturalistic map (Figure 2) which describes the geol ogy up
to the 1990 activity (Romano, 1990) . There are two general

reviews which provide a detailed summary of current




under standi ng of the volcano (Romano [Editor] , 1982a;

Chester et al. , 1.985)

3. DATA AND PROCESSING

The renote sensing data base for this study was
acquired with NASA's Thematic Mappe: Sinulator (TMS)
multispectral scanner instrunent. This instrunment obtains 12
channel s of 8-bit. data in the visible, near infrared (VNIR) ,
short wavelength infrared (swirR), and the thermal. infrared
wavel ength (TIR) regions (Table 1) . The two thermal channels
cover the sanme wavel ength region, differing only in the gain
factor; only one was used during this study. The instrunment
was flown aboard NASA's ER-2 aircraft at an altitude of 20
km above sea level, on July19,1997.Threeparallel,
overl apping north-south lines of data were flown, about 20
m nutes apart. The TM5 scans the ground with a field of view
of 42.5°, and an instantaneous field of view of 1.’25 nrad.
Thus the data have a spatial resolution (pixel. size) of 25 m
at sea level, and the swath width is 15.4 km For targets
above sea level., the spatial resolution and swath width are
less: at the summit of Etna, the pixel size is about 20 m

The data were processed on a VAX conputer using the

VI CAR inmage processing software. Pre-processing steps



i nvolved correction for variable atmospheric path |ength
radiometric differences, and correction for the panorama
effect due to the scan angle variation. The former problem
mani fests itself as a brightness gradient across the scene.
It is due to a conbination of factors, and is nost
pronounced at shorter wavel engths. ‘The domi nant. contribution
is from Raleigh and Mie scattering from atnospheric
aerosols. This adds both a multiplicative -and additive term
to the radiance recorded at the sensor, and is strongly
dependent on the viewing geonetry: the effect is nost
pronounced |ooking into the sun. In addition, there are
artifacts introduced by the instrunment |ooking at either
sun-lit surfaces (at all scales) or at shadowed surfaces. W
attenpted to mnimze this effect by flying the data near
noontine in a north-south direction. Finally, there is a
non—uni form contribution to the radiance due to the variable
at nospheri ¢ thickness as a function of el evation

Wiile it is possible, in theory, to nodel all of these
phenonena, and renove them from the data rigorously, no one
in practice has succeeded in developing the complete
formulation. The task is difficult from a nodeling sense,
and in addition, requires in situ neasurenents of optical
opacity, aerosols, and vertical profiles of tenperature,

relative hum dity, and aerosol. distribution. Mpst approaches
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reported in the literature have used empirical techniques
to try to conpensate for the larger effects to normalize the
data (Oterman and Fraser, 1976; Kaufnman and Joseph, 1982;
Conel, et.al., 1985; Conel, 1990)

W al so used an enpirical method to correct. our data.
Each of the three scenes was averaged along the flight
direction to produce a one-line average image. A straight
line was fit to this average inmage for each channel; and
these values were then subtracted from each line of data in
the original scene. This nmethod assumes that the average
one-line imge should be uniform and any variation is due
to the atnosphere.c effects. The magnitude of the correction
ranged from 40digital nunmbers (DN) to O DN for the VNR
channels, and 5 DNto ODN for the SWR and TIR channel s.
Next, the data were corrected for the panorama distortion by
resampling along each scan line to produce pixels
representing equal areas on the ground.

The three radiometrically adjusted flight lines were
nosai . eked together to produce a single data set. covering M.
Etna . Mosaicking was done by registering each line to a
Landsat Thematic Mapper (TM image, itself registered to the
] :50,000 topographic maps, and UTM projected. Tie points
were identified between the TMS data and TM data; the

tiepoint data set was used to construct a triangular
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tessellation grid; geonetric transformations for each
triangle were then computed to map the TMS data to the TM
data . The data were resanpled to a resolution of 14 m using
cubic convolution; the three lines were then nerged to
produce the final. data set for spectral analysis.

Spectral analysis was done using a supervised
classification techni que, enploying a Bayesian Maxi mum
ILikelihood classifier (Schowengerdt, 1983) (hereafter
referred to as “the classification”) . Training areas were
defined on the inmage by manually outlining them on a
conputer screen. The size of the areas varied from5 x 5 to
20 x 20 pixels. Several areas were selected sfor each of the
classes, and statistics conputed for each training cl ass.
The statistics consisted of the mean and standard deviation
fromeach class, for each of the 1.1 channels of the TMS
data . These statistical neasures formed the basis for the
Bayesian O assification. This algorithm examines every pixel
in the scene, and assigns each to a class if its value (in a
multispectral, n-dinmensional sense) falls within the nean
+2.5 standard deviation ellipsoid of one of the training
classes. If the pixel’s values fall outside one of the
predefined classes, it is assigned to the class it is
cl osest to, based on its Euclidean distance.

The results of the classification are displayed as a
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themati c map, where each class is assigned an arbitrary
color, and all pixels belonging to that class are portrayed
in that color (Figure 3) . In addition, to remove high
frequency noise pixels, a snmobothing filter was applied to
the data, whereby an isolated pixel was reassigned to the
class nunber of its nost frequently occurring surrounding
pi xel s, thus elimnating m sclassifications due to noise,
but also eliminating possible small (single pixel sized)
areas.

Fifteen classes were used for the classification: two
ki nds of vegetation (dom nantly shrubs, and mainly forests)
clouds, city, sedinments, pyroclastic rocks, and 9 ages of
[ava flows. W used existing published geoclogic maps to aid
in selection of the training areas for historic lava flows
and for the vegetation classes, with the exception of the
"pyroclastic" class, whose training areas were defined from
interpretation of contenporaneous air photos. Two types of
pre-historic flows were defined by training areas, one with
dom nantly rock exposed (Hi storic + rock), the other with

dom nantly vegetation cover (H storic + vegetation)

4 DISCUSSION

Overall, the results of the classification agreed very
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well with the 1990 geol ogic map; classification accuracy is
over 90% Sone of the discrepancies are due to
discontinuities In slopes and vegetstion cover On the
ground, and to lack of correction of inage radiances for
variable path radiance effects due to topography. On the
classification map an abrupt change in classes al so occurs
at the seans between the three flight lines. These can be
seen as vertical discontinuities located along UTM

coordi nates 491 and 500. (Note that locations are referenced
to the UTM coordinate grid superinposed on the geol ogic nap
and classification, defining northing/casting) . They are due
to radionetric discrepancies induced by viewing the sane
locations from opposite |ook directions at the extreme edges
of the images. Qher |ocal problens are due to the presence
of the gas and ash plune blowing south from the vents. The
foll owi ng discussion mainly focuses on the

m scl assifications with respect to the gee].ogjc map, and we
present explanations for the differences between the
geologic map and our classification map. W will also point
out where we feel the geologic map is wong, and show how
our results conpare with the paleomagnetism neasurenents. A
summary of the age assignnents of flows described in this
section is found in Table 2.

The distributi.on of "pyroclasti c“ deposits (red cl ass)
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was checked by compari son with air photos acquired

sinul taneously with the TMS data. The classification map
accurately depicts their general distribution at the tinme of
data acquisition.

The “1951--1991" class (orange on Figure 3), conposed of
t he youngest lava flows, is sharply defined on the
classification map. All of these flows can easily be traced,
including small details of flow tongues. O assification
accuracy is near 100% in that no flows of this age were
assigned to another class, and no flows of other ages were
assigned to this class.

The "1900-1950" class (melon colored) includes the
1910, 1911, 1923, and 1928 flows, of limited areal extent.
The largest area of msclassification is that part of the
1892 flow (4167/501) is assigned to this class. Qur class
boundaries are arbitrarily selected at the end of centuries,
while the spectral behavior forns a continuum the 1892 fl ow
is only 8 years older than 20th century flows, and so
probably | ooks very simlar spectrally. Another explanation
for the msclassification of some areas of this flow can be
related to the presence of the gas &nd ash plume that
extended southward from the vent at the time of the data
overflight, . Patchiness of the plunme could contribute nore or

| ess at nosphere-c absorption to the path radi ance. The fact
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that we can successfully separate 20th century flows into 2
cl asses suggests that chem cal or physical changes of’ the
flow surfaces are occurring wthin & 100 year period,
producing differences in the spectral responses.

The “1.9th” century class is depicted in magenta on
Figure 3. Included in this age bracket are the 1.879, 1865,
1892, 1843, and 1.832 flows; the first two are properly
classified with respect to the geologic map. Part of the
1.892 flow is classified with the 19(]0-1950 class, as
di scussed above. The 1843 flow (4180/488), except for its
distal. end, is truly mst.lassifi.ed as 1.7th century. The 1832
flow (4183/490) is properly classified near its vent, but is
m sclassified as 18th century downhill. There is no obvi ous
explanation for these true misclassi fications, particularly

. since the paleomagnetic ages (Rolph et al., 1987) of these
two flows are in agreenent with their ages on the geol ogic
map.

The *“18th” century class is displayed in light pink
Included in this class are mapped flows from 1763, 1764,
1766, 1780 and 1792. The 1763 (4178/491), 1780 (4171/497),
and 1792 (4172/505) flows are all. properly classified with
respect to the geologic map. The 1764 flow (4183/497) is
classified partly as 18th and nostly as 17th century; there

are no paleomagnetism nmeasurenents for this flow The age




16

assignnent is based on Sartorius’ (1880) nmention of eruption
activity on the north flank of Etna, reported in the

Benedi ctine archives in Catania, wthout any further details
concerning the location or altitude of the flow. It is
therefore possible that the 1764 date is incorrect. The 1766
flow (4173/501) is classified as 20th century; the
misclassifi cation may well be due to the presence of the gas
and ash plume, simlar to the 1892 flow located in the sane
ar ea.

The "17th" century class is displayed in dark blue. Two
areas of the 1634-1638 flow (4171/504) and the 1651 west
flow (41.81/490) are properly classified. Three flows, 1610
(4175/ 497), 1614--1624 (4185/499), and 1646 (418"1/504), are
classified correctly at their vents at higher elevations.
Towards the mddles of the flows occurs a major break in
sl ope and associ ated change in the vegetation conmunity. The
downhill parts of these flows are assigned to younger
classes by the classification; in addition, the distal end
of the 1646 flow is classified as 16th century. W attribute
the msclassification of the |lower parts of the flows to the
effects of vegetation change on the spectral signatures. The
small 1689 flow (4177/51.0) is assigned to the “historical. +
vegetation” class. It. is located on the wettest, nost

intensely cultivated eastern side of the volcano, and the
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original. surface has been severely impacted by humans. An
area (4180/498) mapped as Ancient Mongibello has al so been
assigned to the 1.7th century class for its upper half, and
“historical + vegetation” for its lower half. It is clear
based on exam nat.ion of air photos that there is a sharp
contact between vegetated surfaces st |ower elevations, and
bare flows at higher elevations. The classification of the
| ower part agrees with its vegetated appearance on airphotos
and mapped age as Ancient Mongibello, while the age of the
upper part seens to be m s—dated on the geologic map, and
may well be 17th century in age. To the south (4178/497) an
area’ mapped as 18th/19th century without a date appears in
the 17th century class. Unfortunately, there are no
paleomagnetic dates for this flow.provides no assistance in
determ .ni.ng its age. It al so may properly belong to the
17th century in age. Near 4181./502 appear several elongate
islands of older flows (kipukas) classified as 17th century;
these areas are not defined on the geol ogic map, and occur
within large nmapped areas of Ancient Mongibello. The 1651
flow on the east is classified as both 16th century and
1951-1991. Rolph et al.’s (1987) and Tanguy et al.,’s (1985)
paleomagnetic measurenments suggest an age between 800 and
1000 AD. On the ground, this flow is an anomal ous pahoehoe

flow, alnost totally absent of’ vegetation. This may explain
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why parts of it are incorrectly classified as nost recent.
The larger problem of the 16th century flows will be
di scussed in the next. section

‘1" he greatest. discrepancies between the dates appearing
on the geologic map, and dates deteimined from pal eonagnetic
neasurenments are associated wth all of the 16th century and
sone of the older flows. These include the |arge 1595
(4175/ 490), 1566 (4187/509), and 1536 (4188/494) flows, that
appear in cyan on the classification map. Our classification
groups these 3 flows together, aloncg with parts of the 1651
east flow. The paleomagnetic dates (determ ned by Tanguy et
al . (1985) are 1050-1250 for the 1595 and 1566 flows, and
<1000 for the 1.536 and 1651 flows. Rolph et al_. (1987)
suggest dates of 1169 for the 1595 flow, late 14th century
for the 1566 flow, 1536 for the 1536 ‘flow, and 800-1000 for
the 1651 flow. Qur classification results, while they do not
al l ow assignnent of these flows to a particular age, support
the uniformty of their ages as presented by Tanguy’s work.
Spectrally they appear simlar, suggesting that their ages
are restricted to a relatively small time interval; i.e.,
1000- 1200.

A good exanple of the use of the classification map to
revi se the geologic, map is found on the west flanks of Etna

(4173/491) . The geologic map (Figure 4a) shows flows of
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three ages: 1610, 1607, and 1595. The geologic map shows the
1607 and 1610 flows as two distinct eruptions. In fact,
Tanguy (1981) denonstrates that the historical record is in
error, and both flows are from the same 1610 eruption. The
distal end of this flow is called the “Lava Grande". Based
on our image results, our classification assigns this part
of the flow to "historical + vegetation” class, and not to
the 1610 flow. To resolve this ambiguity, we investigated
the distribution and interrelate.onsl)ips of these flows in
the field. W found that the down-slope part of the 1610
flow consisted of thin flows sitting on top of very old
flows; their areal extent was greatly subordinate to the
underlying old materials. Using color infrared airphotos as
a base, and our image results and field observations as a
guide, we produced a new map of this area (Figure 4b) ,
showi ng the nore restricted extent. of the 161.0 flow; the
presence of a “younger prehistoric flow" underneath it, and
the "older prehistoric” flows. (The last two are included in
our image class "historictvegetation" . ) It was primarily the
image classification results that. alerted us to the
di screpancy between the mapped geology and the actual field
rel ations.

Finally we cone to the 812?-1169? flow (4165/49'/),

displayed in gray on the classification map. Tanguy (1970;
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1981), based on pal eomagneti sm and research of hi storic
docunents, assigns it to about 1000 AD. The classification
indicates that this flow i s spectrally unique: it was not
assigned to any other class when no training areas were
selected within it; and no other flows were assigned to its
cl ass when training areas were defined for it. Thus, even
after our attenpt at multispectral classification, its true
age renai ns problematic.

5. CONCLUSION

The classification map of Etnean volcanic nmaterials,
produced from airborne Thematic Mapper Simulator data, has
allowed us to resolve sonme of the discrepancies between flow
ages shown on the published geologic maps, and flow ages
determ ned from paleomagnetic measurements. The majority of
the classification results confirns the nmapped ages of |ava
flows . In a few areas, the classification has allowed us to
redraw the geologic relations that were incorrectly depicted
on the map. The classification supports Tanguy’s
pal eomagneti c assignment of ages for the mapped 16th century
flows as all having been erupted in the same time period,
rather than different tinme periods as proposed by Rolph’s
work. We al so discovered several areas that our
classification assigned to particular ages, where the nmap

showed either ancient- flows or the outcrop patterns were
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entirely m ssing.

Most of the differences between the published and the
classification maps were due to errors on the published map
and not due to classification errors. Based on these
results, renote sensing data, wused jointly with field
mappi ng and exam nation of air photos, represents a powerful
tool for inproving geologic mapping of vol canic rocks, even
for a volcano as well studied and mapped as M.. Etna.
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FIGURE CAPTIONS

1. Location map of Mount Etna in eastern Sicily, and general

geol ogy of Sici ly (from Chester et al., 1985)

2. CGeologic map of M.. Etna, extracted from Romano (1990)

The grid overlay is 1 km UTM gri d.

3. Bayesian Maxi num Likelihood Classification map of M.

Et na Thematic Mapper Sinulator data. O asses represent 9
ages of lava flows, and 6 other classes of |and cover types.
The map covers an area of about 30 x 30 km. The grid

overlay is 1 kmuTM grid.

4. A) Published geologic map of an area on western flank of

Mt. Etna (Romano, 1990). B) Revised geologic map for sane

area, based on interpretation of aircraft renote sensing

data, airphotos, and field investigations.



Simulator Channels

THEVATI C_MAPPER _BAND

Table 1. Thematic: Mapper
CHANNEL WAVELENGTH, um
1 0.42-0.45
2 0.45-0.52
3 0. 52-0. 60
4 0.60-0.62
5 0.63-0.69
6 0.69-0.75
7 0.76-0.90
8 0.91.-1,.05
9 1.55-1.75
10 2.08-2. 35
11 8.5--14.0 (Low gain)
12

8.5--14.0 (High gain)
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Table 2. Ages Attributed to Various Historical Lava Flows on Mt. Etna by Different Authors

This paper |, Map (Romano, 1990) Tanguy(1970) Rolph et al. (1987)
1951-1991 1651E* 800-1000 800-1000
1900-1950 1910

1911

1923

1928

1892 (part)

1766*
1800-1899 1879

1865,

1892

1832 (near-vent)

1700-1799 1763
1764 (partly)
1780
1792
1843%*(proximal)
1832*(downbhill)

1600-1699 1634-1638
1651 E,W <1000 800-1000
1607 1610
1610 1610
1614-1624
1646 (higher elevations)
1843 *(distal)
1764 *(mostly)
Ancient Mongibello (upper half)
18th/1 9th century

1500-1599 1646 * (distal end)

1000- 1200 1595 1050-1250 1169
1566 1050-1250 >1350
1536 <1000 1536
1651E <1000 800-1000

81272-1169? 8127-1169? 1000

*misclassified in this paper
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FI GURE CAPTI ONS

1. Location map of Mount Etna in eastern Sicily, and general
geol ogy of Sicily (from Figure 3.’ 2, Chester et al., 1985,

nodified for this report)

2. Ceologic map of M. Etna, nodified from Romano (1990) .

The grid overlay is 1 km UTM gri d.

3. Bayesian Maxi mum Li kel ihood C assification map of M.
Etna Thematic Mapper Sinulator data. C asses represent 9
ages of lava flows, and 6 other classes of |land cover types.
The map covers an area of about 30 x 30 km . The grid

overlay is 1 km UTM grid.

4. A) Published geologic map of an area on western flank of
M . Etna (nodified from Romano, 1990) . B) Revised geol ogic
map for same area, based on interpretation of aircraft

renote sensing data, airphotos, and field investigations.
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